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There is a considerable lack of appropriate statistical models and m'ethods for the analysis of data from social networks and other kinds of empirical graphs, and there also are many examples of untraditional kinds of data in graphs. Examples of different kinds of data and further details can be found in the surveys by Frank (1980a,b) . In their article, Holland and Leinhardt (hereafter referred to as HL) suggest a statistical model of exponential type for adjacency data in a digraph and give methods for estimation and testing that provide an important contribution to statistical graph theory.
Since about 1960 there has been an increasing interest in statistical methods based on the so-called log-linear models developed for the analysis of contingency tables and the so-called logit models used for the analysis of latent structure in psychometric data. The HL model extends the applicability of the exponential models to a new kind of data, and their model will probably soon be referred to as one of the standard illustrations of exponential models. The general theory of estimation and testing that has been developed for the exponential models is one of the great achievements of modern statistical theory. This attractive theory makes the models easy to apply, and they have gained widespread use. In a recent book by Andersen (1980) , the exponential models are taken as a basis for a general introduction to statistical model building and analysis in the social sciences. Since the HL model fits into this general framework, it will probably stimulate more statisticians to work with statistical graph problems.
An exponential model that is closely related to the HL model was suggested by Bradley and Terry (1952) for the analysis of data from paired comparisons. Assume that g alternatives are compared pairwise by n individuals. Each individual compares every pair of alternatives and announces which one is preferred. Assume that the individuals have a common probability aij of preferring alternative i to alternative j. Assume further that all comparisons are independent, and let X, be the number of individuals expressing a preference for alternative i over The parameters cpi are only determined up to an additive constant and can be constrained by %pi = 0. Andersen (1 980, Theorem 8.1) shows that the Bradley/Terry model is exponential. For n = 1, the data matrix X = (Xij) is the adjacency matrix of a tournament, that is, an asymmetric complete digraph, and the BradleyITerry model is the same as the HL model (13) with mij = nij = 0 and but it is not a version of the HL model (21).
Note that the exponential or "natural" parameters cpij and Bij defined by (15) and (16) in HL can be considered to be the canonical parameters in the terminology of Andersen (1980, p. 20) only if mu, aij, aji, and nu are all positive. Since the canonical parameters are fundamental for the theory, it is of interest to investigate what will happen if some of the probabilities are set to zero. We will briefly consider some such cases.
For a tournament, all dyads have single arcs, and therefore m, = nu = 0. A tournament, for instance, corresponds to paired comparisons that cannot fail or result in a tie. An examination of (13) in HL reveals that
i # j where 0, = log a,, i # j.
(4)
Now, the xu are linearly dependent (xu + xji = 1 for i < j), and Bij are not canonical parameters. In this case we find that
are the canonical parameters. If the paired comparisons can fail but cannot result in a tie, we can use an asymmetric digraph to describe the results. For an asymmetric digraph with mij = 0 and aij, aji, nij > 0, it follows that A model used by Kousgaard (1976) for paired comparisons with ties can be specified by (13) in HL with where cpi are parameters characterizing the alternatives and 6 is a tie parameter. This model, like the Bradley1
Terry model, does not fit into the HL model (21). The present discussion seems to indicate that one should search for an exponential model for adjacency data in digraphs that is more general than the HL, BradleylTerry, and Kousgaard models, so that it would be possible to test any of these models against an appropriate specification of a general model. An attempt to link the HL model with the BradleylTerry and Kousgaard models might also be of some help for the rather frustrating task of trying to find an appropriate Z in formula (61) of HL.
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